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The	  problem:	  (ﬁrst-­‐year)	  physics	  is	  boring	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One	  solu,on:	  “is	  this	  on	  the	  MCAT?”	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  A	  diﬀerent	  solu,on:	  space	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Space	  physicists	  seem	  to	  have	  
been	  thinking	  about	  this	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Astrophysicists	  too	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3 First-Year Physics in Space: P. Barmby
2.2 Requirements and deliverables
The first deliverable of this project is a set of space/astronomy-related problems to be solved
interactively in lectures or tutorials. First-year classes at Western meet for 3 hours of lecture per
week for 13 weeks, with tutorials every other week, for a total of about 45 class hours. A typical
class involves 2 solved problems among other components, so a total of 50 quantitative problems
would provide about one space- or astronomy-related example per class over a semester. This set of
problems would not replace the traditional textbook, but instead serve as ancillary material. Wider
dissemination could be achieved by publishing the problems as a student workbook.
A good first-year physics problem has four components: a specific concept to be tested, a
situation in which the concept applies, a clear statement of the problem (possibly including a
figure), and a worked solution. The set of concepts to be tested/illustrated already exist in the
form of learning objectives for the relevant Western courses. The first step in this project is thus
finding relevant situations and adapting them to the concepts. This will require research in a
variety of sources including professional journals (e.g., The Physics Teacher, Astronomy Education
Review), popular-science and engineering resources (e.g. Aviation Week & Space Technology), and
upper-level textbooks. The problems must then be defined, solved, and documented in a format
amenable for use during lecture and/or tutorial. Appropriate illustrations must be located (with
permissions obtained), or created if none are available. A sample problem is shown below.
The Earth’s magnetic field is close to that of a magnetic dipole, meaning that the field strength on
the magnetic axis, at a distance x from the axis, is B = µ02π
µ
x3 where µ is the dipole moment.
(a) The magnetic field strength at the Earth’s surface, at the (magnetic) north pole, is 3.1×10−5 T.
What is the Earth’s magnetic moment µ ?
(b) The Earth’s magnetic field will deflect charged particles in
the solar wind if the magnetic energy density B2/2µ0 is equal to
or greater than the particles’ kinetic energy density ρv2/2. The
densities are equal at a distance of about 8.5 Earth radii from
the Earth’s centre (see Figure). If the solar wind mass density
is 7 protons per cm3, what is the typical velocity of solar wind
particles near the Earth?
The second deliverable of this project comprises two new laboratory exercises for the first-year
physics lab. These would complement the lecture problems in providing opportunities to have
students see how the physics can be applied to real problems. First-year lab exercises have tight
constraints—for example, the need to complete an exercise within a three-hour lab period means
that weather-dependent astronomical observing is infeasible. One solution is to have students
analyze previously-existing datasets. An example involves studies of planets around other stars:
measuring stars’ velocities over time allows the detection of planets via their gravitational influences
on the star. The physics involved—concepts of centre of mass and conservation of energy and
momentum—is at the first-year level, and datasets to be analyzed are readily available in the
professional literature. Computer simulations provide another means to generate “experimental”
data; a number of simulations already exist for teaching about gravitation, and these could be
adapted to teaching about electromagnetic forces at the first-year level.
It’s	  not	  th t	  hard	  to	  com 	  up	  
with	  ﬁrst-­‐year	  level	  problems	  
Let’s	  brainstorm	  
Can	  we	  come	  up	  with	  space-­‐related	  content	  for	  
most	  topics	  in	  ﬁrst-­‐year	  physics?	  
every	  topic?	  	  
Why	  would	  this	  be	  a	  good	  idea	  (or	  not)?	  
(How)	  can	  these	  link	  to	  other	  areas?	  
What	  are	  the	  next	  steps?	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See	  you	  in	  orbit..	  
